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ÓÄÊ 622.227:622.232.5 

Ì.À. Ïåðôèëüåâà, À.Ñ. Õðóëåâ 

ÐÀÑ×ÅÒ ÝÐËÈÔÒÀ ÏÐÈ ÑÊÂÀÆÈÍÍÎÉ ÃÈÄÐÎÄÎÁÛ×Å 
ÏÎËÅÇÍÛÕ ÈÑÊÎÏÀÅÌÛÕ 

Ïðîâåäåí ñðàâíèòåëüíûé àíàëèç ïàðàìåòðîâ ýðëèôòíîãî ïîäúåìà ïîëó÷åííûõ 
ýêñïåðèìåíòàëüíûì ïóòåì, ðàñ÷åòàìè ïî ôîðìóëå Ãåéåðà, ïî áàëàíñó ýíåðãèé è 
ïîëó÷åííîé ýìïèðè÷åñêîé çàâèñèìîñòè 
Êëþ÷åâûå ñëîâà: ñêâàæèííàÿ ãèäðîäîáû÷à ïîëåçíûõ èñêîïàåìûõ, ýðëèôòíûé 
ïîäúåì. 

 

 
 

äíèì èç îñíîâíûõ ïðîöåññîâ ñêâàæèííîé ãèäðîäîáû÷è ÿâëÿåòñÿ ýð-
ëèôòíûé ïîäúåì ãèäðîñìåñè ïîëåçíîãî èñêîïàåìîãî ïî ñêâàæèíå. 

Ïðè ðàñ÷åòå ýðëèôòíîãî ïîäúåìà íàèáîëåå ÷àñòî ïðèìåíÿþò ôîðìóëó  
Â.Ã. Ãåéåðà äëÿ îïðåäåëåíèÿ íåîáõîäèìîãî ðàñõîäà âîçäóõà äëÿ ïîäúåìà ãèä-
ðîñìåñè. 
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Ïðè ýòîì äèàìåòð ýðëèôòíîé òðóáû âûáèðàåòñÿ ïî ôîðìóëå âêëþ÷àþùåé 
ïðîèçâîäèòåëüíîñòü è êîýôôèöèåíò çàòîïëåíèÿ ýðëèôòà. 
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Ïðè ñêâàæèííîé ãèäðîäîáû÷å  ïà-
ðàìåòðû ïîäúåìà  íå ñîâïàäàþò ñ ïàðà-
ìåòðàìè, äëÿ êîòîðûõ ïîëó÷åíû ôîðìó-
ëû Â.Ã. Ãåéåðà, îñîáåííî ïî êîýôôè-
öèåíòó çàòîïëåíèÿ (ó Â.Ã. Ãåéåðà α = 
0,1—0,4), ïîýòîìó èñïîëüçóåìûå â 
ôîðìóëå îïûòíûå êîýôôèöèåíòû íå 
ïðèìåíèìû â ðàñ÷åòå. Ïî ôîðìóëå (1) ñ 
ðîñòîì ðàñõîäà âîçäóõà ëèíåéíî âîçðàñ-
òàåò ïðîèçâîäèòåëüíîñòü ýðëèôòíîãî 
ïîäúåìà Ïý, ÷òî íå ñîîòâåòñòâóåò õàðàê-
òåðèñòèêå ýðëèôòà, ñîãëàñíî êîòîðîé 
ýòà çàâèñèìîñòü èìååò ìàêñèìóì è ïàðà-
áîëè÷åñêèé âèä (ðèñ. 1). Ïî ôîðìóëå (2) 
ïðîèçâîäèòåëüíîñòü ïîäúåìà ïðîïîð-
öèîíàëüíà äèàìåòðó ýðëèôòà â ñòåïåíè 
2,5, ÷òî íå ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè 
áîëüøîãî êîëè÷åñòâà èñïûòàíèé ðàçëè÷-
íûõ ïî êîíñòðóêöèè ñêâàæèííûõ ýð-
ëèôòíûõ ñíàðÿäîâ. 

Î 

 
 
Ðèñ. 1. Çàâèñèìîñòü ïðîèçâîäèòåëüíîñòè 
ýðëèôòíîãî ïîäúåìà îò ðàñõîäà âîçäóõà, 
ïî îïûòíûì äàííûì (1) è ðàññ÷èòàííàÿ 
ïî ôîðìóëå Â.Ã. Ãåéåðà (2) 
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Â äàííîé ðàáîòå ñîïîñòàâëÿëèñü õàðàêòåðè-

ñòèêè è ïàðàìåòðû ýðëèôòíîãî ïîäúåìà, ïîëó-
÷åííûå íà îñíîâå áîëüøîãî êîëè÷åñòâà ýêñïåðè-

ìåíòàëüíûõ è îïûòíûõ äàííûõ êàê â õîäå ñòåíäîâûõ èññëåäîâàíèé, òàê è ïðè 
ñêâàæèííîé ãèäðîäîáû÷å ôîñôîðèòîâûõ, ñòðîèòåëüíûõ, çîëîòîñîäåðæàùèõ 
ïåñêîâ ñ ðàñ÷åòíûìè çíà÷åíèÿìè ïàðàìåòðîâ ýðëèôòíîãî ïîäúåìà. 

Ðàñ÷åò ïàðàìåòðîâ ýðëèôòíîãî ïîäúåìà  ïî áàëàíñó ýíåðãèè âíå è âíóòðè 
ýðëèôòà ïîçâîëÿåò ó÷åñòü êîíñòðóêòèâíûå îñîáåííîñòè ýðëèôòíîãî ñíàðÿäà è 
óñëîâèÿ ïîäúåìà (ðèñ. 2). Ïîòåíöèàëüíàÿ ýíåðãèÿ, îïðåäåëÿåìàÿ óðîâíåì âîäû 
âíå ýðëèôòà, ðàâíà êèíåòè÷åñêîé è ïîòåíöèàëüíîé ýíåðãèè âíóòðè ýðëèôòà ñ 
ó÷åòîì ïîòåðü íà òðåíèå, ïðè ýòîì, ñ ðîñòîì ðàñõîäà âîçäóõà, ñíèæàåòñÿ ïî-
òåíöèàëüíàÿ ýíåðãèÿ âíóòðè ýðëèôòà, è ðàñòóò êèíåòè÷åñêàÿ ýíåðãèÿ è ïîòåðè 
ýíåðãèè ñâÿçàííûå ñ ãèäðàâëè÷åñêèì ñîïðîòèâëåíèåì (ðèñ. 3) 

âí ï ê ã.ï.Å Å Å Å= + +                                                                                     (3) 

Âåëè÷èíà ïîòåíöèàëüíîé ýíåðãèè âíóòðè ýðëèôòà äî ïîäà÷è âîçäóõà  ðàâíà  
2
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= ⋅ ⋅ ⋅                                                                (4) 

ãäå Dý — äèàìåòð ýðëèôòíîé òðóáû; âγ  — ïëîòíîñòü âîäû; h — âûñîòà âîäû îò  
óðîâíÿ âñàñà âíå ýðëèôòà. 

Ïðè ïîäúåìå ãèäðîñìåñè âåëè÷èíà êèíåòè÷åñêîé ýíåðãèè âíóòðè ýðëèôòà 
ðàâíà ñóììå çàòðàò êèíåòè÷åñêîé ýíåðãèè âî âñàñûâàþùåì íàêîíå÷íèêå (äî 
âîçäóøíîé ôîðñóíêè) ( âñ

êÅ ) è êèíåòè÷åñêîé ýíåðãèè âûøå âîçäóøíîé ôîðñóíêè 

( ô
êÅ ). 

 
 

Ðèñ. 2. Ñõåìà ýðëèôòíîãî 
ñíàðÿäà, èñïîëüçóåìàÿ ïðè 
ðàñ÷åòå ïàðàìåòðîâ ïîäúåìà 

 

 
Ðèñ. 3. Èçìåíåíèå ýíåðãèè âíå è âíóòðè ýðëèôòà 
îò ðàñõîäà âîçäóõà: Dý = 0,15 ì, hâ = 9 ì, Íý = 
11,25 ì [3]
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Dâñ — äèàìåòð âñàñûâàþùåãî íàêîíå÷íèêà; hâñ  — ðàññòîÿíèå îò âñàñà ýðëèôòà 
äî âîçäóøíîé ôîðñóíêè; ïγ  — ïëîòíîñòü ãèäðîñìåñè âî âñàñûâàþùåì íàêî-
íå÷íèêå. 
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íàêîíå÷íèêå äî âîçäóøíîé ôîðñóíêè 
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— äèàìåòð âñàñûâàþùåãî íàêîíå÷íèêà; hô  — ðàññòîÿíèå îò âîçäóøíîé ôîð-
ñóíêè äî óðîâíÿ âîäû âíå ýðëèôòà; Í — âûñîòà ïîäúåìà  îò óðîâíÿ âîäû; 
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âçQ — ðàñõîä âîçäóõà, ì3/÷àñ; 
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— ñêîðîñòü äâèæåíèÿ ãèäðîñìåñè âûøå âîç-

äóøíîé ôîðñóíêè. 
Âåëè÷èíà ïîòåíöèàëüíîé ýíåðãèè âíóòðè ýðëèôòà (Åï) ïðè ïîäúåìå ãèäðî-

ñìåñè òàêæå ñêëàäûâàåòñÿ èç ïîòåíöèàëüíîé ýíåðãèè äî ( âñ
ïÅ ) è ïîñëå ( ô

ïÅ ) âîç-
äóøíîé ôîðñóíêè 
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ï ï ï âñ âñ ô ôÅ Å Å ( )m g h m g h H= + = ⋅ ⋅ + ⋅ ⋅ +  (6) 

Ïîòåðè ýíåðãèè, ñâÿçàííûå ñ ãèäðàâëè÷åñêèì ñîïðîòèâëåíèåì ïðè äâèæå-
íèè ãèäðîñìåñè âíóòðè ýðëèôòà ( ã.ï.Å )ñêëàäûâàþòñÿ èç ñîïðîòèâëåíèÿ íà ó÷à-

ñòêå íèæå ( âñ
ã.ï.Å ) è âûøå ( ô

ã.ï.Å ) âîçäóøíîé ôîðñóíêè. 
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— êîýôôèöèåíò ãèäðàâëè-
÷åñêîãî ñîïðîòèâëåíèÿ äî 
ôîðñóíêè; d = 0,2 — ðàçìåð 
øåðîõîâàòîñòè òðóáû.  
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— êîýôôèöèåíò ãèäðàâëè-
÷åñêîãî ñîïðîòèâëåíèÿ ïî-
ñëå ôîðñóíêè. 

Ïðè ïðîâåäåíèè ðàáîò 
ïî ñêâàæèííîé ãèäðîäîáû÷å 
ôîñôîðèòîâ íà Êèíãèñåïï-
ñêîì ìåñòîðîæäåíèè áûëè 
èñïûòàíû ðàçëè÷íûå êîíñò-

ðóêöèè ýðëèôòíûõ ñíàðÿäîâ ñ äèàìåòðîì ïóëüïîïîäúåìíîé (ýðëèôòíîé) òðóáû 
114, 168, 219 ìì ñ âíåøíèì ðàñïîëîæåíèåì âîäîïîäàþùåé è âîçäóõîïîäàþ-
ùåé êîëîííû è äèàìåòðîì 245, 273, 324 ìì ñ âíóòðåííèì ðàñïîëîæåíèåì ïî-
äàþùèõ êîëîíí. Íà ðèñ. 4 ïîêàçàíà çàâèñèìîñòü ïðîèçâîäèòåëüíîñòè ýðëèôò-
íîãî ïîäúåìà îò äèàìåòðà ýðëèôòíîé òðóáû äëÿ ðàñõîäà âîçäóõà 600 è 1200 
ì3/÷àñ è êîýôôèöèåíòà çàòîïëåíèÿ ýðëèôòà α = 0,6, ðàññ÷èòàííàÿ ïî áàëàíñó 
ýíåðãèè.  

Óâåëè÷èòü ïðîèçâîäèòåëüíîñòü ïîäúåìà ìîæíî óâåëè÷åíèåì äèàìåòðà ýð-
ëèôòà, îäíàêî ïðè ñêâàæèííîé ãèäðîäîáû÷å ýòî ñâÿçàíî ñ óâåëè÷åíèåì äèà-
ìåòðà ñêâàæèíû, ÷òî âåäåò ê ðîñòó çàòðàò íà áóðåíèå è äîáû÷ó ïîëåçíûõ èñêî-
ïàåìûõ. 

Êðîìå ðàñõîäà âîçäóõà è äèàìåòðà ýðëèôòíîé òðóáû íà ïðîèçâîäèòåëü-
íîñòü ýðëèôòíîãî ïîäúåìà â áîëüøîé ñòåïåíè âëèÿåò êîýôôèöèåíò çàòîïëåíèÿ 
ýðëèôòà 
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Äëÿ êîíñòðóêöèè ýðëèôòà ñ äëèííûì âñàñûâàþùèì íàêîíå÷íèêîì (ñ áîëü-
øèì ðàññòîÿíèåì îò âñàñà äî âîçäóøíîé ôîðñóíêè) ôîðìóëà äëÿ îïðåäåëåíèÿ 
êîýôôèöèåíòà çàòîïëåíèÿ ýðëèôòà ïðèìåò âèä: 

âñ ô â ï
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h h h
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γ γ
γ
+ ⋅ − ⋅

⋅ +
 (9) 

 
 

Ðèñ. 4. Çàâèñèìîñòü ïðîèçâîäèòåëüíîñòè ýðëèôò-
íîãî ïîäúåìà (γï = 1) îò äèàìåòðà ýðëèôòíîé òðó-
áû ïðè α = 0,6 äëÿ ðàñõîäà âîçäóõà 600 ì3/÷àñ (1)  
è 1200 ì3/÷àñ (2) 
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Íà ðèñ. 5 ïîêàçàíû çà-
âèñèìîñòè ïðîèçâîäèòåëü-
íîñòè ýðëèôòíîãî ïîäúåìà 
îò âåëè÷èíû êîýôôèöèåí-
òà çàòîïëåíèÿ. 

Òàêèì îáðàçîì, îáåñïå-
÷èòü òðåáóåìóþ ïðîèçâîäè-
òåëüíîñòü ïîäúåìà ìîæíî 
èçìåíÿÿ ðàñõîä âîçäóõà, 
äèàìåòð ýðëèôòíîé òðóáû 
è êîýôôèöèåíò çàòîïëåíèÿ 
ýðëèôòà, â òåõ ñëó÷àÿõ, êî-
ãäà ðàçìûâ âåäåòñÿ â ïîðî-
äàõ ñ íèçêîé ïðîíèöàåìî-
ñòüþ, êàê íàïðèìåð, â ìíî-
ãîëåòíåìåðçëûõ ïåñ÷àíûõ 
ïîðîäàõ.  

Äëÿ óïðîùåííîé êîí-
ñòðóêöèè ýðëèôòíîãî ñíà-
ðÿäà ñ êîðîòêèì âñàñû-
âàþùèì íàêîíå÷íèêîì è 
äëèíîé îò 20 äî 100 ì, 
äèàìåòðîì ýðëèôòíîé 
òðóáû îò 0,1 äî 0,3 ì, ïðè 
êîýôôèöèåíòå çàòîïëåíèÿ 
ýðëèôòà α îò 0,3 äî 0,8 è 
ðàñõîäå âîçäóõà îò 200 äî 
1500 ì3/÷àñ íà îñíîâàíèè 
îáðàáîòêè ýêñïåðèìåí-
òàëüíûõ äàííûõ ïîëó÷åíà 
ñëåäóþùàÿ ýìïèðè÷åñêàÿ 
çàâèñèìîñòü 

−

= ⋅ − ×

× − ⋅

2
0,25

4
2 3

7 ( 0,5)

10
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ý
ï

â â

Ï D

Q Q ì ÷
D

α
γ  

(10) 

Íà ðèñ. 6 ïîêàçàíû çíà-
÷åíèÿ õàðàêòåðèñòèê ýð-
ëèôòà äëÿ ðàçëè÷íûõ çíà-
÷åíèé êîýôôèöèåíòà çàòî-
ïëåíèÿ, ïîëó÷åííûå îïûò-
íûì ïóòåì, ðàññ÷èòàííûå 
ïî áàëàíñó ýíåðãèé è ïî 
ïîëó÷åííîé ýìïèðè÷åñêîé 
çàâèñèìîñòè (10). 

 
 

 

Ðèñ. 5. Çàâèñèìîñòü ïðîèçâîäèòåëüíîñòè ýðëèôòíî-
ãî ïîäúåìà îò âåëè÷èíû êîýôôèöèåíòà çàòîïëåíèÿ 
ïðè Qâç = 600 ì3/÷àñ. 

 
 
 

 
 
Ðèñ. 6. Îïûòíûå çíà÷åíèÿ õàðàêòåðèñòèê ýðëèôòà 
äëÿ ðàçëè÷íûõ çíà÷åíèé êîýôôèöèåíòà çàòîïëåíèÿ, 
ïîëó÷åííûå îïûòíûì ïóòåì, ðàññ÷èòàííûå ïî áà-
ëàíñó ýíåðãèé è ïî ïîëó÷åííîé ýìïèðè÷åñêîé çàâè-
ñèìîñòè 
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Â óêàçàííîì äèàïàçîíå ïàðàìåòðîâ ýðëèôòíîãî ïîäúåìà îòêëîíåíèå çíà÷å-
íèé ïðîèçâîäèòåëüíîñòè, ïîëó÷åííîé ýêñïåðèìåíòàëüíûì è ðàñ÷åòíûì ïóòåì, 
íå ïðåâûøàåò 15 %, ÷òî ïîçâîëÿåò èñïîëüçîâàòü ôîðìóëó (10) â èíæåíåðíûõ 
ðàñ÷åòàõ.  

Âûâîäû 
Äëÿ óñëîâèé ñêâàæèííîé ãèäðîäîáû÷è ìîæåò áûòü ðåêîìåíäîâàí ðàñ÷åò 

ïàðàìåòðîâ ýðëèôòíîãî ïîäúåìà îñíîâàííûé íà áàëàíñå ýíåðãèé âíå è âíóòðè 
ýðëèôòíîãî ñíàðÿäà. 

Ïîëó÷åííàÿ ýìïèðè÷åñêàÿ çàâèñèìîñòü äëÿ êîíñòðóêöèè ýðëèôòà ñ êîðîò-
êèì âñàñûâàþùèì íàêîíå÷íèêîì ïîçâîëÿåò óïðîñòèòü ðàñ÷åò ïàðàìåòðîâ ýð-
ëèôòíîãî ïîäúåìà è ïîëó÷èòü ðåçóëüòàòû, ïðèáëèæåííûå ê îïûòíûì çíà÷åíèÿì 
è ðàñ÷åòó ïàðàìåòðîâ ïî áàëàíñó ýíåðãèé. 
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The authors compare the experimental airlift data with the airlift calculations by Geier’s formula, by energy 
balance and from the derived empirical relation.  

The calculated airlift parameters are compared with the airlift characteristics and parameters from large 
amount of experimental data obtained either in laboratory or in field hydraulic borehole mining of phos-
phorite, construction-sand and gold placers.  

The calculation of airlift parameters by the energy balance inside and outside airlift allows taking into ac-
count design of an airlift tool and the lifting conditions.  

The required airlift capacity is provided by varying air consumption, airlift pipe diameter and drowning ra-
tio when washing-out is implemented in weak-permeable rocks such as permafrost sandstone formations.  

The derived empirical relation for the airlift with a short suction nose-piece enables simplified calculation of 
the airlift parameters and yields the results close to the experimental data and the estimates by the energy 
balance.  

Key words: hydraulic borehole mineral mining, airlift.  
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ÃÎÐÍÎÃÎ ÈÍÔÎÐÌÀÖÈÎÍÍÎ-ÀÍÀËÈÒÈ×ÅÑÊÎÃÎ ÁÞËËÅÒÅÍß 

(ÏÐÅÏÐÈÍÒ) 
 
ÎÐÎØÀÅÌÎÅ ÇÅÌËÅÄÅËÈÅ – ÏÅÐÂÎÎ×ÅÐÅÄÍÎÅ ÓÑËÎÂÈÅ  
ÐÀÇÂÈÒÈß ÑÅËÜÑÊÎÃÎ ÕÎÇßÉÑÒÂÀ ÒÐÎÏÈ×ÅÑÊÎÉ ÀÔÐÈÊÈ  
ÓÄÊ 631.587: 63(213) 
Ñàâàòååâ Àðòёì Àíàòîëüåâè÷ – àñïèðàíò, Èíñòèòóò Àôðèêè ÐÀÍ,  
e-mail: exch4nger@gmail.com 
Ïðîàíàëèçèðîâàíû ïðè÷èíû íèçêîé ýêîíîìè÷åñêîé ýôôåêòèâíîñòè ñåëüñêîãî õîçÿéñòâà 

ñòðàí Àôðèêè þæíåå Ñàõàðû. Ïîêàçàíî, ÷òî â íûíåøíèõ óñëîâèÿõ íàèáîëåå ïðîñòûì è 
ýôôåêòèâíûì âûõîäîì èç ýòîãî ïîëîæåíèÿ äîëæíî ñòàòü âíåäðåíèå îðîøàåìîãî çåìëåäå-
ëèÿ, ïðåäïî÷òèòåëüíî â ôîðìå ìåëêîìàñøòàáíûõ ïðîåêòîâ, ñîîòâåòñòâóþùèõ îãðàíè÷åííûì 
ïëîùàäÿì õîçÿéñòâ. 

Êëþ÷åâûå ñëîâà: Àôðèêà þæíåå Ñàõàðû, âîäíûå ðåñóðñû, ñåëüñêîå õîçÿéñòâî, èððèãà-
öèÿ, ìåëêîìàñøòàáíûå ïðîåêòû, ðàçâèòèå. 

 
IRRIGATED AGRICULTURE - PRIME CONDITION  
AGRICULTURAL DEVELOPMENT TROPICAL AFRICA 
Savateev A.A. 
In the article the reasons for low efficiency of Sub-Saharan Africa agriculture are analyzed. The 

author proves that in the current circumstances, the most simple and effective way out of this 
situation should be the introduction of irrigated farming, preferably in the form of small-scale pro-
jects corresponding to the small size of the farms. 

Key words: Subsaharan Africa, water resources, agriculture, irrigation, small-scale projects, de-
velopment. 


